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Stimulation of macromolecular synthesis by ascorbate in Neurospora 
Abstract 
Stimulation of macromolecular synthesis by ascorbate 
This research note is available in Fungal Genetics Reports: https://newprairiepress.org/fgr/vol22/iss1/2 
Dutto,  S.K. Lock of effect of ethylene glycol Dutta and Choudhuri  (1974 Genetics 77: 319)  reported that only 15% of the
on  tronrcription of Neurorporo conidial DNA. DNA of untreated Neurorporo conidio is  tronrcribed  into RNA, whereas an
increase  in tronrcription  (257)o occurs when conidia germinate.  Ethylene
glycol-treoted  conidio show  rignificont changer in growth; they enlarge,  gain weight and become ormoticolly  sensitive  (Wilson
and Boter 1972 Neurorporo Newsletter 19: 21). It was thought desirable to know whether this chemical treatment of conidio
changes their pottern  of transcription.
N. CTLISS  74A wild type strain WOI  used  throughout this study. Conidia were grown on  Vogel’s ogar  medium, washed with
distilled water  and strained through four layers  of cheese cloth. Ethylene glycol treatment of conidial cells was carried out  os
described by  Wilron  and Bates  (1972 NNY9:21). C om  10  were collected by centrifugotion  a+  2000 x g for 20 minutes.‘ d ’ Totol
cellular RNA was extracted according to the method of Kohne and Byerr  (1973 Biochemistry 13: 2373). Ethylene glycol-treated
and  untreated conidial cells were  broken by parsing  through a needle valve  with a pressure  drop of 20,000 and 30,000 psi re-
spectively. Unlabeled DNA WOI  iroloted  from treated and untreated conidial cells and 32P-labeled  DNA was extracted from
mycelio  as  described by Dutta (1973 Biochim. Biophyr. Acto.  324: 482).
32P-labeled  DNA and  total cellular  RNA were denatured at 80’  C in the presence of 50% formomide and  incubated at 35’  C
with 0.4M  phorphote buffer (PB), 0.6M  N&I,  O.OlM  EDTA pH  7.0. Less  than 2 ug 32P-labeled  DNA and  CI  considerable ex-
cerr of RNA were used  so  that any hybridization reaction would occur  mainly  between DNA and complementary RNA and  not
between complementary DNA strands. After incubation, the annealing solution was parsed through ~1  hydroxyopatite  column
previously equilibrated  (I+  60’  C with 0.14M  PB pH  6.8 and 0.4% sodium louryl  rulphate. To test whether or not  true DNA:RNA
hybrid formation had occurred, the procedure described by Dutta (1973 Biochim. Biophyr. Acta. 324: 482) was followed. Table I
wmmarizes  the extent of hybridization of
Table  1. Transcription of the non-repeated DNA of un- 32P-lobeled  non-repeated DNA from my-
treated and ethylene glycol-treated conidio. Celia with RNA from treated and  untreated
Unlabeled Per cent DNA
conidio. 15-17%  of the 32P-labeled  my-
Whole RNA 32p-Unique totd absorbed in
celiol  was DNA hybridized with the totol
Cell type CO’ D N A  Cot D N A  Cot HAP
RNA of conidio (treated or untreated). There
was no rignificont difference in the Te50
A) Conidio 8.8x104 0.78 _. 15.00
(i.e., the temperature ot which 50% of hy-


































values  of DNA:RNA hybrids using RNA from
treated or from untreated conidia.
It is apparent that  ethylene glycol-treated
conidia rhowed  transcription of almost the
some  fraction of DNA as  did ungerminated
conidia and  clearly  less  than the 25% tronr-
cription  shown  by germinated conidio. Data
given in the table  suggest  that  alI  of the
DNA:RNA reactions were complete. The
unabsorbed 32P-DNAr  from each reaction in
(A) did not hybridize further with additional
RNA (C) but did hybridize completely (B)
with on excess of unlobeled  DNA. These re-
sults suggest that the amount  of transcription
in Neurosporo  conidia is not significantly
affected  by  ethylene glycol treatment.
- - - Deportment of Botany, Howard University, Washington, D.C. 20059.
Bhogwot, A. ‘5.  and P.V. Sane. Stimulation of macro- Although o great  deal  of information is  ovoiloble  in the literature
molecular synthesis  by orcorbate  in Neurosporo. about  the nutritional and  physiological effects of arcorbote, very lit-
tle is known about its  mechanism of action.  Smith (1965  J. Biol.  Chem.
215: 833) has  shown that  arcorbote can reduce cytochrome  a, 03 prep-
arations in vitro. It her o.1~0  been shown by others (Jacobs 1960 Biochem. Biophyr. Res. Commun.  3: 536) that arcorbote connot
enter the electron transport chain directly but con  act  as  the electron donor through TMPD (tetramethyl-p-phenylene  diomine).
In addition to  its  involvement in oxidative  metabolism, there are also reports on  the possible involvements of oscorbate  in the
important physiological activities of plants. Of particular interest is the recent finding of Ehrenberge et al.  (1972 Acto.  Chem.
Scond. 20: 1289) of (I  many fold stimulation of RNA synthesis by arcorbote in plormolyred  E. coli cells.
- -
In the light of these studier, it was considered of interest to orre~  whether the log in RNA synthesis in Neurorpora  observed
by us  earlier (Bhagwot  and  Mohadevon  1970 Molec. Gen. Genet.  109: 142) could be influenced by arcorbote. Although the
investigations reported here do not provide an unequivocal  onwer,  nevertheless they have revealed  some  interesting aspects  of
oscarbate  o&ion  in Neuroroora.
N. crosso  strain RL3-8A (Rockefeller wild type) war used in oil of the experiments. Cultures were grown for about one hour- -
for oil manome+ric  studies% 100 ml OF 2% sucrose and  minimal soIts  (Vogel 1965 Micm.  Gen.  Bull. 13:  42) in o shaking wo+eer-
bath a+  30’  C. Arcorbote solutions  were mode freshly before use  and the addition of the some too final  concentration of I mM
did not change the PH of the medium appreciably.
Nuclei  from Neurospora  conidio grown for 8-10  hours  weve  iroloted according to the method of Dwivedi  et al.  (1969 J. Cell
Biol.  43: 51) and  the in vitro RNA synthesis was  carried  out clccording  to the method of Maitro  ond Huwitz  09a  Pvoc.  Not.- -
Acod. Sci.  USA 54: 815). Oxygen consumption, $* incorporation into ATP and P:O ratios were  determined according to the
methods of Nielsen and  Lehninger  (1955 J. Biol.  Chem. 215: 555).
The addition of ascorbic acid to growing cultures  of Neurorporo resulted  in increased  production of RNA and  proteins. On
the other hond dehydroarcorbote failed to show any  such  increore  in RNA or protein synthesis (Figs. 1,2). Since oscorbate  is
(I reducing agent, we tried to mimic its action by the addition of reduced glutothione. As observed from Fig.1,  glutothione  did
not increase RNA synthesis; on the contrary, it caused ~1  decrease  in RNA synthesis. It  was  also  observed that  the rtimulotion
Figure I.  RNA synthesis in conidio grown for different Figure 2. Protein synthesis in conidio grown for different
periods of time. The rate of 3H uridine incorporation periods of time. The rote of 3H leucine incorporation
into TCA insoluble moteriol ~0s  estimated by taking into hot TCA precipitating moteriol  was  estimated by
oliquots from cultures growing in the presence and  ob- taking aliquots from cultures  growing in the presence and
sence  of orcorbote. absence of orcorbate.
of RNA synthesis wets  Q  function of orcorbote concentration with o maxium  at  ImM.  In order to investigate the mechonirm rerpon-
rible  for stimulation of RNA synthesis, the following possibilities have been considered: a) Increased  RNA polymerose  activity.
b) Removal of an inhibitor (repressor) from the DNA resulting in exposure of DNA for transcription.  C) Increased  ATPsynthesis.
To check the first  two  possibilities, RNA synthesis hos been examined in isolated nuclei in the presence of oil components re-
quired for an  in vitro ryrtem. The omountr  of RNA synthesized in the presence and  absence  of ascorbote  were observed to be sim-
ilor.  This reruFiratorionce  with thot obtained  by Price (1966 Nature 212: 1481). w a observed o 40% increase  in RNA rynthe-h
sis  in isolated nuclei by ascorbic acid treatment. Our results  suggested that oscorbote moy not be octivoting the RNA polymerore
per se  nor it could be removing on inhibitor bound to DNA (d- - o o not presented). If either of there possibilities were  frue,  oddi-t
tion of orcorbote would hove been expected to result in stimulation of RNA synthesis. The time lag  that is observed in the stim-
ulotion of RNA synthesis following addition of orcorbotes  could be taken os evidence against a direct effect of orcorbic  acid,
assuming that  uptake  of oscorbote  is not  o problem.
The effect of orcorbate may therefore be indirect,
being brought about by stimulation of the synthesis of
o high energy compound like ATP. This possibility her
Table I Effect of ascorbote  on the incorporation
of 32P  into ATP in conidio of N.crorro.- -
been investigated by directly estimating the amount  of Treatment CPM/min/O.l  ml
ATP synthesized in whole conidio. The results  ore
shown  in Table I.  It  is  evident thot the amount  of Control
8021
ATP synthesized in the presence of arcorbote was
Arcorbote I0500
opproximotely 30% more than  in its absence. Ad-
Azide 3 1 5 0
dition of ozide,  which inhibits mitochondrial elec-
Arcorbate + Azide 3 9 1 8
tron  transport, reduced ATP synthesis more than  60%
in the control. The ATP synthesized in the presence 32P 10 piCi/ml  of the medium was  added. The w -
of azide  ond oscorbate  is over  25% more than  with action was  terminated  at the end of 5 minutes by
aide  alone. The per cent increclre  over the rerpec- the addition of an equal volume of 10% TCA.3*  P
tive  controls in the presence of arcorbote ~WW  there- incorporation in ATP was  estimated os described in
fore to hove been maintained. moteriolr  and  methods. Arcorbote cow.  I mM,
Azide cont.  I x 10-4&t,  Conidiol cone.  1  x I07
cells/ml.
4
Oxygen consumption her also been studied under there conditions in conidio and the results are  shown  in Tables 2 and  3. The
data show that oscorbate  addition stimulated oxygen consumption between 30 to 50%. Azide completely stopped oxygen uptake
in the control, but in the presence of oscarbate  the oxygen consumed was the sclme  0%  the additional oxygen consumed in the
presence of arcorbote over  the control. Therefore, the additional oxygen uptake  could be through systems other than the norm01
electron tronrport chain  of mitochondrio. It is, however, possible  that  orcorbate may establish on  wide-insensitive pathway of
electron transport using CI  part of the mitochondriol  electron tronrport  system.
Table 2. Effect of arcorbote on oxygen  uptake by Table 3. Effect of arcorbate  on the P:O ratio in conidio and
conidia of N CIWW isolated mitochondrio of N.crarro.
TKXltllle”t ,,I of oxygen coorumed per hour Atoms of Moles  of ATP
Control 102
TrWtlW”t 02 consumed synthesized P:O  ratio
Arcorbate 136
Arcorbate + Azide 32
Conidia
Az ide N i l
CO”t,Ol 0 .66 0 .42 0 .63
Arcorbate 0 .98 0 .53 0 .52
The values  ore averages  of 4 separate experiments. Ascorbote Mitochondria
con=.  I mM,Azide  cone.  I  x IO-4M, Conidial cont.  I x IO7 Control 0 .28 0 .292 1 .04
cellr/ml, Arcorbate 0 . 4 0 .308 0 .75
That the enzyme system responsible for additional oxygen
uptake in the presence of ascorbote  was localized in the mito-
chondrio was confirmed by studying oxygen uptake  by isolated
mitochondrio from E-hour-old conidia. It war  observed that in
Conidial  cow.  l x  IO7  c e l l s / m l ,  Arcorbote  cont.  I mM,
Mitochondriol ccmc. Equal ~lmwnts  of mitochondrial  surpen-
sion  was  used  in each flask, Mitochondriol substrate, 10 mM
a-keto glutarate  (final  conc.~,Duration  of incubation, 2 hrr.
the presence of arcorbote mitochondria  took up about  50% od-
ditional  oxygen over  the control. The data in Table  I  hod
shown that ATP synthesis by conidio was enhanced in the presence of orcorbate. Table 2 rhowr  the oxygen uptake under identical
conditions, as  those two experiments were  done separately. The oxygen uptake  therefore seems  to be linked to ATP synthesis. This
was confirmed by simultaneously studying oxygen uptake and  ATP synthesis  in conidio. The results  ore  presented in Table  3. The
doto show  that  in conidia in the presence of orcorbote  there was approximately  ~1  50% increase  in the oxygen uptake, whereas ATP
synthesis increased only by 26%. In mitochondrio, although the oxygen consumption was stimulated by 50%,  the relative stimulo-
tion in ATP synthesis  was much less, resulting in (I  lower P:O  ratio. This decrease in P:O ratio  indicates that ATP synthesis linked
to additional  oxygen uptake is  lers  efficient.
It is likely that only part of the electron transport chain coupled to phorphorylation  moy be utilized. Alternatively, the in-
creased ATP synthesis could be from phorphorylotion  at  the substrate level stimulated by orcorbate. These possibilities need to be
investigated. In our view  the observed effects of arcorbote on stimulation of different metabolic pathways  in Neurorpora,  and
possibly  also in plants and  lower organisms,  (rre  due to stimulation  of ATP synthesis by orcorbate. - - - Biology and  Agriculture
Division, Bhobho  Atomic Research &ntre,~  Bombay 400 085, India.
Courtright,  J.B. Growth of ropy  mutants  on glycerol and acetate.
Recent studier in our laboratory have indicated the presence of o gene on chromo-
some II which controls glycerol utilization (glp)  and  conidial  morphology (Denor  and
Courtright  1975 Abrt.  Ann.  Mtg.  Am. Sot.  Microbial.  1975:  Ill).  S ince  the  mar-
phological  appeoronce  of this mutant resembles that of some of the ropy  mutants, on
attempt was made to determine whether or not any of the  ropy  mutrxts  have srowth
charocteristicr  on glycerol or ocetote  medium similar to those of glp. Growth tests
were performed by meoruring the mycelial  mars after  growth in m?&al  liquid me-
dium or  by measuring the initial growth rater on  medium solidified with 0.5%
agarore.
The growth of ropy-I,  3, 4, 7, and  9 is limited on glycerol medium (Table I),
ruggerting  that there mutants moy be defective with regard to  one  or both of the in-
ducible enzymes necessary for glycerol utilization in N. C~OIIO  (Denor  and  Court-
right 1974 FEBS  Letters 48: 314). However, exomin&n  of glycerokinare  and
glycerol 3-phosphate  dehydrogenase  in cell-free extractr  of those mutonts .$ving
the Ieat  growth on glycerol indicated that the  amountr of both of there enzyme
activities  were normal. This finding would appear  to rule out the possibility that
any of these ropy genes  control the  ryntheris of there tw,  enzymes. Hcwever,  01
bored on  the growth properties, it seems possible that there genes  may control other
aspects of the metabolism of glycolytic  intermediates. It is interesting to note that
with the exception of ropy-1  and ropy-4,  all  ropy  mutants  with decreased  growth
yields on glycerol ore  known to be located on chromosome II. Lortly,  the de-
creased growth yields of several  ropy  mutants on  acetate medium might suggest  that
gluconeogenerir  is altered  in there mutants.
This work was supported by American Cancer Society Grant No. VC-36A
- - - Department of Biology, Marquette University, Milwaukee, Wirconrin  53233.
Table I.  Growth of ropy  mutants on
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“Bared on  dry mass  of cells obtoin-
ed from 50 ml of minimal medium
after growth for 72 hours at 3O’C.
